Involvement of a divalent cation in the binding of fructose 6-phosphate to Trypanosoma cruzi phosphofructokinase: kinetic and magnetic resonance studies.
When Mg2+ ions were replaced by Mn2+ in the assay of Trypanosoma (Schizotrypanum) cruzi phosphofructokinase (ATP:D-fructose-6-phosphate 1-phosphotransferase, EC 2.7.1.11) the Km for D-fructose 6-phosphate (F6P) was reduced threefold while the corresponding constant for ATP was essentially unaffected. A detailed kinetic investigation showed that the apparent Km for F6P decreased monotonically with increasing free Mn2+ concentrations, from a limiting value of 5.7 mM in its absence to a limiting value of 1.1 mM in the presence of saturating concentrations of the ion; the Vmax of the enzyme was, on the other hand, not affected by the concentration of Mn2+. Conversely, it was shown that the apparent Km for Mn2+ at fixed MnATP concentrations decreased with increasing F6P concentrations, from a limiting value of 30 microM in the absence of the sugar phosphate to 9 microM at saturating concentrations of the substrate, while the apparent Vmax increased monotonically from zero to its limiting value. Both electron paramagnetic resonance and water proton longitudinal relaxation studies showed binding of one Mn2+ ion per 18,000 Da catalytic subunit of enzyme in the absence of F6P, with a dissociation constant of 57 +/- 4 microM, comparable to the apparent Km for the ion in the absence of F6P. The presence of saturating level of F6P decreases the value of the dissociation constant of Mn2+ to a limiting value of 7.9 microM in agreement with the results of the kinetic analysis. The substrate F6P decreases the enhancement of the water proton longitudinal relaxation rate in a saturable fashion, suggesting displacement of water molecules coordinated to the enzyme-bound Mn2+ ion by the sugar phosphate. Computer fitting of the several dissociation constants and relaxation enhancements for binary and ternary complexes gives a value of 7.9 mM for the dissociation constant of the enzyme-F6P complex in the absence of Mn2+ and 1.1 mM in the presence of saturating concentrations of the ion, in excellent agreement with the respective Km values of F6P extrapolated to zero and saturating Mn2+, respectively. Studies of the frequency dependence of the water proton longitudinal relaxation rate enhancements in the presence of both binary (enzyme-Mn2+) and ternary (enzyme-Mn2(+)-F6P) complexes, are most simply explained by assuming two exchangeable water molecules in the coordination sphere of the enzyme-bound Mn2+ in the binary complex, while in the ternary complex the data are consistent with the displacement of one of the water molecule from the coordination sphere with no significant alteration of the correlation time. Overall, the kinetic and binding data are consistent with the formation of an enzyme-metal-F6P bridge complex at the active site of T. cruzi phosphofructokinase, a coordination scheme which is unique among the phosphofructokinases.